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1. Introduction 


According to Directive 2001/77/EC [1] and Directive 2009/28/EC 
of the European Parliament and of the Council of 23 April 2009 
[2], Poland is obliged to increase its use of energy from renewable 
sources. The target for renewable energy production in Poland is 
set to rise from S2005 = 7.2% in 2005 to S2020 = 15% in 2020. 

Since 2000 a gradual increase in the amount of renewable 
energy has been observed (Fig. 1) [3,4]. In 2009, 253,153 TJ was 
obtained from renewable energy sources, which is 9.0% of primary 
energy in total [4]. 

The highest contribution to renewable energy production in 
2009 was from solid biomass energy, which was 85.7% of the total 
renewable energy production. The next highest contribution to 
renewable energy production were: 


e liquid biofuels - 7.1%, 

e hydropower - 3.4%, 

e biogas - 1.6%, 

e wind - 1.5%, 

e heat pumps - 0.4%, 

e geothermal energy - 0.3% [4]. 


In Poland in 2010 about 10,000 heat pumps were installed and 
the amount of heat produced using these installations exceeded 
1PJ/year [5]. The data presented in Fig. 2 illustrate a constant 
increase in energy obtained from the Earth’s interior, especially in 
energy obtained using heat pumps [3-5]. 

This paper presents the results of sociometric research describ- 
ing the current state of the renewable energy sector in Poland and 
its future development prospects in relation to geothermal energy. 
For the purpose of the research, the following surveys were car- 
ried out: “Heat Pumps in Poland - Producers” [6], “Heat Pumps in 
Poland - Customers” [7], the data obtained directly from geoenergy 
producers were also used. 
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Fig. 1. Renewable energy production in Poland in 2000-2009 (own data based on 
Refs. [3,4]). 
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Fig. 2. Heat production using heat pumps and geothermal energy in Poland in years 
2000-2009 (own data based on Refs. [3-5]). 


This research is a continuation of an earlier work conducted in 
2008, when surveys were sent out to renewable energy producers 
in Kujawsko-Pomorskie Voivodeship [8] and the work conducted 
in 2009, when the surveys were sent out to bioenergy producers in 
Poland [9]. 


2. Geothermal resources in Poland 


In Poland, geothermal waters occurring in reservoirs located up 
to a depth of 3000 m, generally have a temperature not exceeding 
100°C [10-14]. The geothermal gradient is highly differentiated in 
Poland, depending on geological composition and, in particular, on 
halokinetic structures, which are characterised by high heat con- 
ductivity. Within the depth range of 200-2500 m, it varies from 20 
to 110 m/1 °C. In the north-east part of the country the value of the 
thermal gradient increases to about 100 m/1°C, which is related 
to a crystalline base occurring relatively shallow. The lowest val- 
ues, of 20 m/1 °C, are present in the Sudety (Cieplice Slaskie-Zdr6j, 
Ladek-Zdr6j) [12-16]. 

About 2/3 of Poland’s area is thought to show good prospects in 
terms of exploiting geothermal potential using current technolog- 
ical capabilities (Fig. 3) [12-16]. 


3. The geothermal heat plants in Poland 


In the middle of the 1980s research and development work 
was commenced to use geothermal energy in the heating sector: 
space heating and, on a semi-industrial scale, in agriculture and 
fish breeding. As a result, geothermal heat plants were opened in 
Bańska Niżna, Pyrzyce, Uniejów, Mszczonów (Fig. 4) and Stargard 
Szczeciński. Currently (May 2011), the plant in Stargard Szczeciński 
is not working due to economic problems [17]. 


3.1. Bańska Niżna 


A warm source in the vicinity of Zakopane was already known 
in the 19th century, with water of temperature 20°C being used in 
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Fig. 3. The map of the terrestrial heat stream density for Poland, according to Ref. 
[15]. 


a swimming pool [18]. The first deep exploration well was created 
in Zakopane in 1963 and between 1970 and 1980 a few more bore- 
holes were drilled close to the Tatra Mountains. 

It was a real breakthrough for the development of geothermics 
in Podhale when in 1981 the well Banska-IG1 of final depth of 
5263 m was drilled. The intensity of the artesian flow was 60 m?/h, 
water temperature was 72°C, general mineralisation was 3 g/dm? 
and static well pressure was 2.7 MPa [19]. 

In 2001 the construction of Bafska Nizna-Zakopane heating con- 
duit was completed and a geothermal heating plant was opened 
in Bańska Niżna, due to which the last coke-fed boiler room in 
Zakopane was closed. It was also in 2001 that the construction of the 
Aquapark in Zakopane was commenced, whilst in 2004 the deliv- 
ery of heating to the first open swimming pool in Szymoszkowa 
Polana was started [20,21]. Table 1 presents the most important 
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Fig. 4. The geothermal heat plants in Poland (May 2011). 


Fig. 5. The well Bańska IG-1 (photography: B. Igliński). 


data on geothermal bore-holes exploited to meet the heating needs 
of Podhale [18]. 

The waters taken from the wells Bańska PGP-1 and Bańska IG-1 
(Fig. 5) are classified as sulphate—chloride-sodium-calcium water 
type. The thermal waters are carried to the surface without using 
any pumps and are then directed to plate heat exchangers. In these 
heat exchangers the thermal water transfers its heat on to the net- 
work water, which is located in an independent circuit. Cooled 
thermal water is transported via a pipeline to the pump station 
where it is pumped to the aquifer (Fig. 6). The estimated power of 
this geothermal source is 15.5 MW; [20-23]. 

The geothermal source is topped up by a peak load source, which 
consists of two gas boilers with economisers (each of power of 
10 MW;,), a gas-oil boiler of power of 15 MW; as well as three cogen- 
eration gas aggregates of combined power of 2.1 MW;. The total 
power of the peak load source is 37.1 MW; [19-22]. 


3.2. Mszczonów 


Geothermics Mszczonów is unique on a world scale because 
the thermal water, after being used for energy purposes, is trans- 
ported to the water supply system as drinking water. The thermal 
water is exploited from a bore-hole by means of a pump aggre- 
gate. The total power installed in Mszczonów heat plant is 7.4 MW;, 
which includes a geothermal power source of 1.1 MW, an absorp- 
tion heat pump of power 2.7MW; and gas boilers of power 
3.6 MW; [11,24]. 

The thermal water is classified as hydrogencarbonate- 
chloride-sodium-calcium water type and its mineralisation is at 
the level of 610 mg/dm:?; it also contains free carbon dioxide. The 
exploitation capacity, which is at the same time the amount of 
resources available for exploitation at the well Mszczonéw IG-1 
is 60 m3/h [11,24]. 


3.3. Pyrzyce 


In September 1992 in Pyrzyce plant design work was com- 
menced and the drilling of three geothermal bore-holes took place. 
This was followed in the middle of 1993 by the implementation 
of the geothermal system, volume objects and a heating system 
network directed towards the town [25,26]. 

The heating system was constructed in 1992-1997 and includes: 


e a geothermal-gas heat plan of peak power of 48 MW;, 
e a heating network of pre-insulated pipes (15 km), 
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Table 1 


The most important data on geothermal bore-holes exploited for the heating purposes of Podhale [18]. 


Name of bore-hole Banska IG-1 Banska PGP-1 Biaty Dunajec PAN-1 Biaty Dunajec PGP-2 
Time of construction 1979-1981 1997 1989 1997-1998 
The year exploitation commenced 1992 2001 1992 2001 

The purpose of bore-hole in the system Production Production Absorption Absorption 
Total depth [m] 5261 3242 2394 2450 
Reservoir rock lithology Carbonate conglomerates, limestone, dolomite 

Maximum output [m3/h] 120 - - 

Water temperature [°C] 82 - - 

Well pressure [MPa] 2.6 (static) 2.7 (static) 5.5-6.0 (forcing) 

General mineralisation [g/dm?] 2.5 - - 
Maximum absorbability [m?/h] = 200 400 


e a controlling and signalling network (28 km), 
e 66 thermal centres (fully automated). 


The investment cost was 60.6 million PLN. The geothermal heat 
plant consists of three major parts: a geothermal water circuit, 
a drinking water network circuit and a high temperature circuit 
(Fig. 7) [25,26]. 

The depth of the geothermal wells is approximately 1620 m, 
whilst the mean water temperature in the bed is about 64°C. 
The static level of the well water table becomes stabilised at a 
depth of 34m below the ground. Geothermal water is exploited 
by means of multi-gradient deep-well pumps installed at a depth 
of 110m [27]. The pumps are powered by a voltage of 2 kV and con- 
trolled by frequency converters which adapt the pump’s efficiency 
to meet the current heat demand (90-170 m3/h from one bore- 
hole). The exploited geothermal water of 61°C temperature and 
after passing through filters, is directed to a first-degree exchanger, 
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bore-holes 


Exploiting Zone 2 
bore-holes 


Zone 3 Zone 3 


where it gives up its heat to the network water returning from the 
town. 

In the heat exchanger the network water is heated up, depend- 
ing on conditions, from 40 to 60°C. The total heat capacity of an 
exchanger at a flow time is 7.2 MW;. In order to optimise the use 
of heat energy from geothermal water, the water is directed to a 
second-degree exchanger, where it is cooled down to a tempera- 
ture of 26 °C. This is possible because a part of the returning network 
water was previously cooled down in an absorption heat pump 
evaporator. After leaving the second exchanger, the geothermal 
water is then transported through the second battery of filters and 
is pumped back to the very same geological layer from which it 
was exploited. The pumping wells are located about 1.5 km from 
the production wells [25-27]. 

Geothermal water is characterised by strong mineralisation and 
salinity - about 120 g/dm? which, in contact with oxygen, makes it 
a corrosive fluid. Consequently, casing pipes for geothermal wells 
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Fig. 6. A diagram of the geothermal system in Bańska Niżna [20-23]. 
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Fig. 7. A diagram of the geothermal system in Pyrzyce [25,26]. 
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Fig. 8. A diagram of the geothermal system in Uniejów [28,29]. 


are made with an anticorrosive agent, which guarantees 30 years 
of operation. The exchanger plates are made wholly from titanium 
whilst the transmission pipelines are made of carbon steel with a 
low content of sulphur and phosphorus (<0.02%). 

When the deep-well pumps are stopped, nitrogen is pumped 
into the whole geothermal circuit in order to create a nitrogen 
“cushion”, which prevents air from entering the pipeline, and there- 
fore, reduces the risk of corrosion [25-27]. 


3.4. Uniejów 


In 1978 a company looking for oil and natural gas came across 
hot springs in Uniejów. At this time, the Polish Geological Institute 
created a hydro-geological bore-hole, IGH-1. In 1990-1991 two 
new geothermal bore-holes PIG/AGH-1 and PIG/AGH-2 were cre- 
ated. In 1999 the Voivodeship Fund for Environmental Protection 
and Water Management in Łódź as well as Uniejów Municipality 
set up a limited company “Geotermia Uniejów” [28,29]. 

One of the most important uses of the geothermal water, which 
is exploited by “Geotermia Uniej6w” company, is to provide heating 
for the town. The new geothermal system has replaced 10 local 
coal-fired boilers as well as 160 boilers in houses. The boiler system 
consists of two parts. The first is a geothermal block and the second 
is a “biomass” block which consists of two boilers fed with wood 
chippings (an “oil” block was previously used). This block is used 
for heating the network water up to the right temperature during 
peak heating power demand [28,29]. 

The source from which hot water is exploited in Uniejów 
has artesian conditions and the artesian flow pressure reaches 
0.26 MPa. The exploitation of thermal water and heat recovery 
takes place in a closed circuit. After passing through a filtering 
system, underground water passes to a set of five pumps of total 
capacity of 120 m3/h. Next, it is pumped to the central heating and 
municipal network warm water exchangers. After giving up its heat 
in the exchangers, the exploited water is cooled to temperatures 
of 40-45 °C and directed through absorbing bore-holes PIG/AGH-1 
and IGH-1 to the same aquifer (Fig. 8) [28,29]. 

The heat distribution system consists of a network of pipelines 
made from pre-insulated steel pipes with a total length of 10 km. 
It is equipped with individual measuring devices and valves. The 
geothermal heat production plant and associated heating network 
are controlled and monitored by an integrated computer system, 
which optimises effectiveness of work and reduces any energy loss. 
Two-third of Uniejów inhabitants benefit from geothermal heat- 
ing. Apart from the individual customers, geothermics is also used 
by collective customers such as Termy Uniejów (Uniejów Ther- 
mal Pools), schools, kindergartens, office buildings and a sports hall 
[28,29]. 


3.5. Economic and ecological effects 


High expenditure is needed to cover the cost of the geothermal 
boiler infrastructure and its modernisation. It takes 10 years to pay 
for it. After that time, the remaining costs are far smaller as there 
is no need for coal or oil. The geothermal heat is almost for free. 
The initial high cost is linked to large expenditures that were spent 
on implementation of costly geothermal systems and modernisa- 
tion of the remaining parts of the heating system, that is, the main 
line network, terminals to former boilers, and heat centres with 
automatic control [17]. 

For many years the net price for 1 GJ of geothermal heat has 
remained at a similar level (about 40PLN/GJ), whilst the heat 
obtained from conventional sources has been getting more and 
more expensive (Fig. 9). At present, it is only the heat obtained from 
hard coal burning that is competitive in comparison to geothermal 
heat. However, if the full costs were to be considered (e.g. everyday 
service of a coal-fired furnace, maintenance, chimney cleaning, cost 
of kindling material, removal of ash etc.), itis clear that geothermics 
is the most economically profitable type of energy [21]. 

Heating powered from geothermal sources has many advan- 
tages, which are making geothermal heat increasingly popular in 
Poland. These include: 


e a heat exchanger is a virtually maintenance-free device, 

e no ventilation or chimney is required and a heat exchanger takes 
up little space, 

the latest evidence shows that there is a high degree of safety 
associated with geothermal heating systems and they are virtu- 
ally breakdown-free, 
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Fig. 9. The comparison of net prices for individual customers per 1 GJ for different 
energy sources (Geotermia Podhale) [21]. 
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Fig. 10. Spa towns (squares) and swimming pools (circles) using geothermal water 
in Poland (May 2011). 


e the protection of environment - the implementation of a 
geothermal system leads to a considerable decrease in pollutant 
emissions (C02, SO2, NOx, dusts) [17,21]. 


In addition, it is worth noting that in Uniejów since the heating 
season 2006/2007, biomass furnaces have been used instead of oil 
furnaces. As a result, the inhabitants of Uniejów now use solely 
renewable energy [30]. 


4. The use of geothermal water for balneological and 
recreational purposes in Poland 


Geothermal water has been used for balneological purposes in 
Poland over the last few centuries and, recently, thermal swimming 
pools have also been built [14,17]. Currently (May 2011), warm 
geothermal water is used in seven spa towns and in seven thermal 
swimming pools, which are located in central and southern Poland 
(Fig. 10). 


4.1. Spa towns using geothermal water in Poland 


The tradition of using underground water for healing in Poland 
goes back as far as the 11th century, when the wife of king 
Władysław Herman cured her ailments with hot baths in Inowłódz 
upon Pilica. In 1281 the monks of the Order of St. John in Strzegom 
were given the right to use mineral water springs in Cieplice Slaskie 
Zdrój and Lądek Zdrój. A few years later the Cieplice Spa was opened 
and progressed to become a well-known European spa in the 16th 
century. Queen Maria Kazimiera, the wife of king Jan Sobieski, cured 
her ailments there in the 17th century. The turn ofthe 18th and 19th 
century initiated a trend of “going to the waters” that was to last 
for over a century, resulting in the continued development of spa 
infrastructure [31,32]. 

In the 20th century there was further interest in spa medical 
treatments. It was at that time that the Association of Polish Spas 
and the Polish Balneological Society were established. These insti- 
tutions ensured that the development of spa medical treatments 
was of sufficient quality as well as ensuring a high standard of 
services offered [31,32]. 


Fig. 11. A graduation tower no. 3 in Ciechocinek (photography: B. Igliński). 


According to the stipulations of the International Balneological 
Conference in Nauheim in 1911, underground water of temperature 
at least 20 °C at its outflow can be classed as medical thermal water 
in Poland [33]. A bath in water of temperature of 20-35°C does 
not lead to any thermal effects, but when the water temperature 
is above 37°C, the human body reacts by dilating blood vessels. 
In addition, metabolic processes are intensified and ion exchange 
between the skin and mineral components in water is increased. 
The medicinal properties of a mineral water bath are reinforced by 
the influence of certain components such as iodide ions, sulphide 
ions and carbon dioxide [33]. 


4.1.1. Ciechocinek 

Ciechocinek is one of the most famous Polish spa towns. It was 
as early as the 13th century that in nearby Stonsk salt was obtained 
from evaporation of salt springs. After partition of Poland in 1772, 
when Austria had taken the salt mines in Wieliczka and Bochnia, 
it has been searching for exploitable sources of brine and was the 
largest discovered in Ciechocinek [34]. 

Between 1828 and 1859 three saline graduation towers were 
constructed (Fig. 11). Currently, warm brine is transported to the 
top part of a graduation tower (a wind turbine was previously used 
for this purpose) from the source “Grzybek” (“Little Mushroom” in 
Polish). Next, the water flows by the force of gravity down the grad- 
uation tower walls. The towers are filled with blackthorn twigs. The 
brine flowing through blackthorn is evaporated and its concentra- 
tion increases from 5.8 to 27%. After passing through the graduation 
towers, the brine is transported to the saline leads, where its con- 
centration is further increased at a high temperature (95-104 °C). 
This is the method of crystallising salt (NaCl), which, after leav- 
ing the leads, is dried and sold for consumption. The solution left 
after salt has been taken away is known as an end liquor and the 
Ciechocinek sludge. The sludge is a sediment that remains at the 
bottom of the saline leads after both the salt and liquor have been 
removed. The sludge and the end liquor are used in medical baths 
[35,36]. 

In 1836 the first complex with bath tubes for saline baths was 
set up. As a result of the spa’s development, new mineral water 
springs were searched for and opened for exploitation. A part of 
exploitation included providing water classed as suitable for drink- 
ing. Thus, a mineral water bottling plant - Krystynka - was set up 
in Ciechocinek (water is bottled without any additional chemical 
conditioning) [35,36]. 

The first thermal water spring of temperature 27°C was 
opened for exploitation in 1932. According to the balneological 
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Table 2 
Description of working mineral spring intakes in Ciechocinek [35,36]. 

No. Depth [m] Year of opening Temperature [°C] General mineralisation [mg/dm?] Application 

i 414.5 1911 18 58,020 Graduation tower - saline works 

2. 757/1305 1932 27 41,850 Balneotherapy 

3; 1378.1 1952 34.5 67,076 Balneotherapy 

4. 23.7 1961 11 9715 Swimming pool 

5: 22 1976 10.5 2273 Swimming pool - water bottling plant 

6. 22 1976 10.5 2184 Swimming pool - water bottling plant 

T 1450/1821 1965 37 69,718 Balneotherapy 

8. 34 1976 12.0 3300 Water bottling plant 


classification, the types of mineral water occurring in Ciechocinek 
are classified as chloride-sodium, bromide, iodide, sulphide, flu- 
oride as well as thermal water (Table 2). When combined, these 
water types exert a healing influence on a patient undergoing 
baths, inhalation or the water drinking treatment. The range of 
ailments treated in Ciechocinek includes locomotory organs and 
rheumatic diseases, circulation and respiratory system diseases 
found both in children and adults [35,36]. 


4.1.2. Cieplice Slaskie Zdrój 

The thermal waters utilised in Cieplice Slaskie Zdrój belong to 
hyperthermal fluoride and silicon types [37]. The thermal water 
is obtained from shallow (4-5 m) bell-type intakes, well shafts 
(14-23 m) and bore-holes (37-160 m). Water of temperature of 
barely above 20°C flows by force of gravity from a water intake 
to tanks from where it is pumped to swimming pools, bath tubs 
and for the water drinking treatment. Until the 1970s the water 
destined for bathing had to be heated up. This problem was solved 
by exploiting 63°C water from the Cieplice-2 bore-hole (Table 3). 
This solution resulted in a boiler-room no longer being needed. The 
surplus of hot water is used for heating purposes, which greatly 
improved the economic situation of the spa [37-39]. 


4.1.3. Duszniki Zdr6j 

A healing spring “Zimny Zdrój” (“Cold Spring” in Polish) was 
mentioned as early as the 15th century. In 1748 the first investiga- 
tion of mineral water springs was carried out and in 1769 Duszniki 
became an official spa by listing “Zimny Zdrój” on the healing 
springs register of what was Prussia at that time [40-42]. 

The water from Duszniki springs has a temperature only just 
above 20°C. A large amount of carbon dioxide decompresses dur- 
ing its outflow resulting in the cooling down of the water. In 2002 a 
bore-hole GT-1, 1695 m deep, was drilled and the following infor- 
mation was found: 


e from 193.5 to 534m the water has a temperature of 25.7 °C, its 
type is 0.35% thermal acidic water HCO3-Na-Ca-Mg, Fe, Si, with 
flow capacity of 20 m3/h, 

e from 552.5 to 1695 m the water has a temperature of 34.7 °C, its 
type is 0.34% thermal acidic water HCO3-Na-Ca-Mg, Fe, Si, with 
flow capacity of 30 m3/h [40-42]. 


Table 3 
Thermal spring intakes in Cieplice Slaskie Zdrój [38,39]. 


4.1.4. Iwonicz Zdrój 

The spa Iwonicz Zdrój uses brines of temperature 20°C and high 
mineralisation (6-19 g/dm?), abundant in bromine, iodine and free 
carbon dioxide [43,44]. At the beginning of the 20th century a few 
bore-holes were drilled up to the depth of 400m, due to which 
thermal water is still being used in Iwonicz Zdrój [32]. 


4.1.5. Konstancin 

Konstancin uses thermal chlorine-sodium, bromide, iodide and 
ferruginous types of water of temperature of 29 °C and of brine con- 
centration 6.49%. The ailments treated in the spa include conditions 
following stroke and brain injuries, semi-paresis, conditions fol- 
lowing heart-stroke, congenial defects of the osseous and muscular 
system, and diseases of the lower and upper respiratory system. In 
2011 it is planned to construct a hydrotherapy centre (including 
brine swimming pools and a physiotherapy centre), which is to be 
known as the Hydrotherapy Centre in Konstancin-Jeziorna [45]. 


4.1.6. Ladek Zdrój 

Lądek Zdrój is considered to be the oldest Polish spa town as, 
according to the historical sources, it was in 1241 that the existing 
bathing systems were destroyed by the Mongol troops returning 
from the battle of Legnica. At the beginning of the 20th century the 
Ladek springs were found to contain natural radon waters, which 
greatly increased the spa’s popularity in medical circles [46]. 

The thermal water from Lądek Zdrój is used in balneological 
healing (treatments in bath tubs, swimming pools and showers) 
[42]. The thermal water is obtained from seven intakes of total 
capacity of 58 m? /h. Half of the water of temperature of 20-28.5°C 
is exploited from shallow intakes (up to 10 m), which were opened 
in the 19th century. The other half is hyperthermal water of tem- 
perature 45 °C obtained from a 700 m deep well “Zdzistaw”. Ladek 
water is classed as having mineralisation of 0.2 g/dm? and being a 
hydrogencarbonate, fluoride-sulphate, radon type [46]. 


4.1.7. Ustron 

Ustroń was granted the status ofa spa town at the end of the 19th 
century [11,47]. The four swimming pools of the Spa Physiotherapy 
Centre are filled with brine of concentration 3-4% and tempera- 
ture 30°C; kinesiotherapy exercises take place within these pools. 
Baths take place in water with dissolved carbon dioxide. These are 


The name of the spring Type of intake 


Number of intakes 


Year of opening 


Water temperature [°C] Mineralisation [mg/dm?] 


Marysieńka well 1 1880/82 21:7 550 
Bore-hole 1 

Antoni-Wacław Bell-type 2 1910/11 19 510 

Sobieski Bell-type 1 1929/30 22.2 465 
Bell-type 4 1929/30 33.3 517 

Nowe Bore-hole 1 

Basenowe Damskie Bell-type 2 1929/30 40.8 537 

Basenowe Mẹskie Bell-type 1 1929/30 39.7 538 

Cieplice-1 (C-1) Bore-hole 1 1971, depth increased in 1998 86.7 - 

Cieplice 2 (C-2) Bore-hole 1 1972 59.5 535 
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Fig. 12. The water slides in Bukowina Tatrzańska Thermal Swimming Pools (pho- 
tography: B. Iglifski). 


especially beneficial when treating high blood pressure, sclerosis 
changes as well as during convalescence. CO2, which is contained 
in the water, is released onto the skin in the form of gas bubbles 
and this instigates many changes in the human body by dilating 
artery and vein capillary vessels. This results in a lowering of blood 
pressure. Baths with CO also have a calming and relaxing effect 
[11]. 


4.2. The use of geothermal waters for recreational purposes 


Every year there are more and more places in Poland where it is 
possible to use geothermal baths as a tourist. All centres offer warm 
brine and/or water heated by means of geothermal heat. 


4.2.1. Bukowina Tatrzańska 

In 2005 the Bukowina Tatrzańska well had its exploita- 
tion resources’ quantity and temperature confirmed: quantity 
Q=40.0 m? and water temperature t= 64.5 °C. Water obtained from 
an exploitation bore-hole, after giving up its heat in heat exchang- 
ers and swimming pools, is directed (after extra cooling) to a nearby 
stream, Poroniec [48,49]. 

“Bukowina Tatrzańska Thermal Swimming Pools” is one of the 
biggest and most modern sites in Europe; the total area of water 
surface is 1885 m? and the capacity of swimming pools is 2260 m3. 
The thermal installation consists of six outdoor swimming pools as 
well as six indoor ones equipped with hydromassage systems. The 
complex includes: 


e a swimming pool (water temperature of 28-30°C), 

e leisure pools (water temperature of 30-36 °C), 

e hydromassage pools (water temperature of 30-36 °C), 

e shallow pools (water temperature of 30-36 °C), 

e a rock cave, slides of total length 100 m (Fig. 12) [48,49]. 


4.2.2. Grudzigdz 

In the area of Grudziadz the healing thermal waters were discov- 
ered by means of the bore-holes Grudziądz 2 and Grudziądz IG-1. At 
present, the brine obtained from the intake Grudziadz IG-1 is used 
for medical purposes. The well Grudziadz IG-1 was constructed in 
winter 1971/72 in a place called Marusza, located south-west of 
Grudziadz [50,51]. 

The bore-hole in Marusza was drilled to a depth of 3070 m. At 
the depth between 1630 and 1607 m (Lower Jurassic sediments) a 
brine reservoir was discovered. The artesian flow of brine reached 
a height greater than 13m above the ground, its capacity was 


Fig. 13. The Brine Cave in Grudziadz (photography: B. Iglinski). 


35 m?3/h, its temperature was 44°C and salinity was 8%. The results 
of chemical analyses suggest that the composition of thermal water 
is stable (Table 4). According to the chemical analyses carried out in 
1972, 2002 and 2006, fluctuation of particular components is low 
and amounts to only a few per cent. The greatest difference was 
recorded for the amount of sulphate(VI) ions and iron. The increase 
in iron concentration which exceeds 10 mg/dm? means that this 
type of water is classed as medical ferruginous [50,51]. 

In March 2006 the first amenity was built in Grudziadz; it was 
equipped with modern bath tubs, inhaler and cryotherapy facilities, 
a sports hall, an infrared sauna and two massage rooms. In May 
2006 a pyramid with a brine graduation tower was opened, which 
facilitated group inhalation within an enclosed space as well as 
post-treatment relaxation in total silence. A graduation tower made 
of Chinese heather is enclosed in a pyramid building modelled on 
the Great Pyramid of Cheops in Egypt. In June 2006 the Brine Cave 
was made available, which made group baths and gymnastics in 
brine possible (Fig. 13) [50]. 

The following pools have been in use in Geotermia Grudziadz 
since 2007: 


e the children’s pool - salt concentration of 2% and temperature of 
32°C, 

e the main pool - salt concentration of 3% and temperature of 32 °C, 

e a pool with an artificial current - salt concentration of 3% and 
temperature of 32°C, 

e an outdoor pool - salt concentration of 7.9% and temperature of 
30°C [50]. 


4.2.3. Mszczonów 

Mszczonów Thermal Pools, opened in June 2008, make use 
of geothermal waters from the Mining Institute of Geotermia 
Mazowiecka S.A. Two pool basins of depth of 1.2-1.3 m (including 
an indoor one) are linked by a canal and filled with unprocessed 
geothermal water of temperature of 32-34°C. The leisure pool of 
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Table 4 

Physico-chemical parameters of water from the well Grudziadz IG-1 [51]. 
Date when an analysis was carried out pH TDS Na* Ca? Mg?* Kt Fetot Cr S04% HCO3~ i 

[mg/dm?] 
09.06.1972 6.0 77700 26000 2510 893 190 4.2 47020 440 202 3.4 
20.02.2002 6.6 79400 26600 2557 899 198 125 47932 579 204 3.6 
21.02.2006 7.6 79420 26900 2435 918 183 9.8 48212 547 183 2.8 
Table 5 


depth of 1.2-1.4m is equipped with a variety of attractive water 
features, which also contribute to recreation, such as an artificial 
river, wall massage, and neck massage [52]. 


4.2.4. Uniejów 

The Uniejów Thermal Pools using medical hot brine were 
opened in 2008. Currently, the town of Uniejów is in the process of 
applying for a spa status [53,54]. At the moment, the tourists have 
three pool basins at their disposal (the centre will be extended): 


e a swimming pool basin with a temperature of 25-27 °C during 
summer period and 28-30 °C during winter, 

e a brine basin with a temperature of 33°C during the summer 
period and 36°C during winter, 

e a children’s basin with a temperature of 30°C during summer. 


In the immediate vicinity of the Uniejów Thermal Pool com- 
plex there is a full-size football pitch where the turf is heated with 
thermal water. Uniejów also has three operating geothermal foun- 
tains producing hot water, which serves as an additional tourist 
attraction [53,54]. 


4.2.5. Szaflary 

The Podhalańskie thermal swimming pools in Szaflary, opened 
in spring 2008, use thermal water from the Mining Institute PEC 
Geotermia Podhalańska S.A. [55]. 

The Podhalańskie thermal swimming pools are a complex of 
all-year-round thermal pools, both outdoor and indoor, the total 
area of which is 970 m2. Of the two indoor pools, one is equipped 
with a hydromassage facility and the other has a three-track 
slide. The outdoor pools too are equipped with hydromassage 
facilities and above a section of the pool a climbing net is hanging. 
The pool water is of a temperature between 30 and 38°C and 
its therapeutical properties influence the muscular and osseous 
system, relieve the symptoms of skin diseases and contribute to 
the general feeling of well-being [55]. 


4.2.6. Zakopane (the Aquapark in Zakopane) 

The Aquapark “Zakopane”, which was opened in December 
2006, uses thermal water from its own mining institute exploit- 
ing the bore-hole intakes Zakopane IG-1 and Zakopane 2 [55]. The 
Aquapark’s facilities include two leisure-swimming pools. In the 
indoor pool the surface is 384.5 m? and length 25 m, the water tem- 
perature is 28.5°C and there are three swimming lanes as well as 
water jets in the leisure part of the pool. The pool depth varies from 
130 to 150cm. The outdoor swimming pool has a surface area of 
390.8 m? and water temperature of 28.5 °C. There is a special shal- 
low pool for the youngest visitors, which contains water with a 
temperature of 33°C [56]. 


4.2.7. Zakopane (Polana Szymoszkowa) 

The thermal bath site at “Polana Szymoszkowa” (“Szymoszkowa 
Glade” in Polish) opened at the end of 2007 and started its com- 
mercial operation in April 2009. This site uses its own mining 
institute which exploits thermal water from a bore-hole Szy- 
moszkowa GT-1. The geothermal bore-hole water in the swimming 
pool has a temperature of 30°C and, due to a high content of 


The number and types of heat pumps installed in Poland in 2009 [5]. 


Pump type Number [items] 
Ground-water 3750 
Air—water 2950 
Water-water 450 
Industrial 95 
Gas 60 


minerals, has therapeutical properties and is recognised as a 
hydrogencarbonate-chloride-magnesium-sodium type of medical 
water [57]. 


5. Heat pumps in Poland 


The heat pump market has been operating in Poland since 1995 
when the first systems of this type were installed. Based on the 
world’s experience in promoting and implementing heat pumps, 
the Polish Association for Heat Pumps (PAHP) was established in 
2003 [58]. 

Currently, a few thousand heat pumps are installed every year; 
it is estimated that their numbers reached 10,000 in 2010. Among 
the systems that are installed, most belong to the following types: 
ground-water, air-water and water-water (the first part of the 
name indicates the lower source of heat) (Table 5). According to 
the predicted development of the heat pump market in Poland 
(by analogy to other countries), a yearly demand is estimated at 
50,000-70,000 pumps [5]. 

As far as the vertical systems are concerned, which are also the 
most often used in Poland, there is no requirement for a construc- 
tion or exploitation permit. There is only a requirement to notify 
the district head of the intention to implement such an installation 
for recording purposes. In case of open systems, where water is 
dumped to an aquifer or surface streams, it is essential to have geo- 
logical work project performed (drilling a bore-hole). After drilling, 
hydrogeological documentation is drawn up to assess the exploita- 
tion resources of the underground water intake. The next step is 
to obtain a permission required under the Water Law Act in order 
to construct a water installation, a permit to exploit underground 
water as well as a permission to drain water off [59-61]. 

The cost of heating by using heat pumps is the lowest in Poland 
(18.06-35.41 PLN/GJ depending on the tariff) (Table 6). Prospective 
customers are still put off by the huge investment costs. The unit 
cost of installed heating power oscillates within a very wide range 
from 800 to 6000 PLN/kW and it is the highest for small installations 
in semi-houses. The bigger an installation is, the lower the unit cost 
[62]. 


5.1. Heat pumps in Poland - the analysis of surveys 


In 2010 the authors sent about 400 surveys to companies 
producing and/or installing heat pumps as well as to individual 
customers. The authors received almost 150 replies (by letter or 
e-mail). 


5.1.1. Analysis of the surveys “Heat Pumps in Poland — Producers” 
The polish companies that are currently producing and/or 


installing heat pumps in Poland have been operating for well over 
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Table 6 
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The cost of producing 1 GJ in Poland via various heating systems (own data based on Ref. [62]). 


Heat source Unit [a] Unit price of energy Mean efficiency of a Cost of 1 GJ of 
carrier PLN/[a] heating system [%] produced heat [PLN] 
Electric current - tariff I kWh 0.51 98 144.56 
Electric current - tariff II kWh 0.26 98 73.70 
liquefied petroleum gas propane-butane kg 4.80 85 131.23 
Natural gas m? 1.62 85 59.08 
Fuel oil kg 3.26 80 107.80 
Hard coal Mg 705 60 40.06 
Heat pump - tariff I, COP=4 kWh 0.51 400 35.41 
Heat pump - tariff II, COP=4 kWh 0.26 400 18.06 


1 USD = 2.78 PLN (20.06.2011). 


a decade. Most of them were set up in the 1990s. As the inter- 
est in heat pumps in Poland increased, the companies extended 
their offer by providing/installing heat pumps. Many of the foreign 
competitors have been operating for 30-40 years [6]. 

Amongst the arguments the respondents pointed to as favouring 
the inclusion of heat pumps in their offer are: 


e a chance for a company’s quick development, 

e a gradual increase in the interest in renewable energy sources in 
Poland, 

e creating a full offer, starting with a source of heat and finishing 
with the final system, 

e financial rewards, 

e changes in legislation coming into force with the Act of July 2nd 
2004 on Freedom of Economic Activity [63], which made it pos- 
sible to extend economic activity, 

e market demand for complex installation services: plumbing and 
electrical, the experience gained abroad. 


The companies offer a wide range of heat pumps. One of the most 
commonly installed was a compression type pump: brine-water, 
water-water, water-air and air-air. The uptake of these types of 
pumps increases every year [6]. 

The companies tended not to disclose how many heat pumps 
they sold/installed during the previous year, explaining it was com- 
mercially sensitive information. The companies which did reveal 
these data sold or installed between 13 and 550 heat pumps in 
2009, which meant an increase of 10-50% in comparison to the 
previous year. 

The companies estimated the size of the heat pump market as 
follows: 


e up to 2000 items per year - 10% respondents, 
e 2000-4000 items per year - 10%, 

e 4000-6000 items per year - 50%, 

e above 6000 items per year - 20%. 

e Not sure - 10%. 


The respondents identified the following problems related to sell- 
ing heat pumps in Poland: 


e promotion of non-renewable energy sources and resulting igno- 
rance of the state administration authorities, very complicated 
legal procedures, 

e the lack of subsidies, 

e limited knowledge of investors, designers and installers, 

e high initial costs of heat pump installation, 

e the lack of reliable installation companies, 

e the lack of thorough information on heat pumps in the format 
accessible for an average end-user, most of the end-users are 
“educated” by promotional materials. 


The respondents pointed out the following problems related to 
installing heat pumps: 


unclear legal requirements, the lack of a certification system 
for installers and systems, a lack of educational materials for 
installers, designers and users, 

many investors had problems obtaining a permission to carry out 
a probe (a vertical collector) of depth over 30m - this makes 
installation more difficult, 

the lack of training events for installers, the lack of experienced 
staff, limited access to the knowledge and experience of other 
people. 


The companies producing and/or installing heat pumps had the 
following plans for their development: 


improving the product (the heat pump), 

new products, staff training, 

carrying out research into optimisation of the heating and/or 
cooling process, 

e extending a range of services, controlling “intelligent” houses [6]. 
5.1.2. Analysis of the surveys “Heat Pumps in Poland - 

Customers” 

About 10% of respondents had heat pumps installed before 2000, 
30% between 2000 and 2005, and the rest after 2005. These are 
the pumps produced by well-known companies, most often a com- 
pression type: brine-water, water-water, water-air. The owner of 
the longest operating pump installed it in 1996 [6]. The respon- 
dents had the installation costs that varied between 9000 and 
7,000,000 PLN (on average 40,000-60,000 PLN). The costs varied 
depending on the number and type of pumps installed as well as 
the modernisation of the heating system. 

About 15% of the respondents found it difficult to estimate the 
costs of heat pump installation - they realised the project them- 
selves, using their own innovative ideas. 

The investments were financed from the following sources: 


e investors’ own means, 

e means from the Bank of Environmental Protection, 

e bank loans, 

e loans from the Domestic Housing Fund, 

e preferential loans from the Voivodeships’ Environmental Protec- 
tion and Water Management Funds, 

e means from the National Environmental Protection and Water 
Management Fund. 


The respondents used the following types of lower heat sources: 
the ground (most often), lakes, water from the pipe-network, air. 
The upper heat sources included: radiators, floor heating systems, 
communal warm water from the network, pools and fan coil units. 
Half of the respondents stated that their pumps worked on their 
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own whilst in the remaining group, heat pumps worked together 
with a solar panel (most often) or a wood-fuelled furnace or gas 
boiler [7]. Almost all respondents were satisfied with their heat 
pumps, The owner of the longest operating heat pump stressed it 
had been working without breaking down for 15 years [7]. 

The majority of respondents did not indicate any problems 
related to heat pump installation; however, a few did highlight 
following difficulties: 


e land slides in excavation, 

e problems with installing a heat pump, 

e the lack of a sufficient number of contractors, 
e the lack of subsidies for the investment. 


Similarly to the pump installation, there were only a few problems 
related to their operation. These included: 


e high electric energy cost, 

e a rapid increase in the price of materials, 
e difficult access to the service, 

e technical faults. 


On average, the respondents did not know what the heat pump 
market looked like in Poland. They described it as “large” and 
“developmental”. When precise figures were given, they were far 
lower than in the Survey for the Producers — at the level of 2000 
heat pumps per year. One of the respondents stated that there were 
about 58,000 installed heat pumps in Poland. 

About 20% of respondents were planning to install heat pumps 
in the future. The majority, however, thought it would not be neces- 
sary as the currently working heat pump fully met the heat demand. 
The respondents consistently emphasised the faultless operation of 
heat pumps and low maintenance needs. However, they stressed 
it was still a relatively expensive investment with a long waiting 
time for a financial return. They also warned other people who 
planned to purchase heat pumps against unreliable, inexperienced 
companies [7]. 


6. Future prospects for the development of geothermal 
energy in Poland 


Fig. 14 shows where new sites using geothermal water are being 
built or are planned to be built. The work progress is various; 
some places are nearly completed (e.g. in Torun), others have been 
granted a license to search for and recognise thermal waters and 
others are still within the land development phase [64-72]. Accord- 
ing to the situation on January 1st 2011, 21 licenses to search for 
and recognise thermal water had been granted [67]. 

Uniejow is marked again on Fig. 14 because at present the first 
geothermal thermo-electric power plant in Poland is being built 
there. The installation is planned to open in the middle of 2012. It 
will be a hybrid thermal-—electric power plant, combining geother- 
mal energy and energy from biomass combustion. The cost of such 
thermal-electric power plant should be ca. 12 million PLN and the 
anticipated energy production shoud be 2.1 GWh [68]. 

Great progress has been made on the construction of a geother- 
mal plant in Gostynin. In the area of Gostynin thermal water occurs 
at the temperature reaching 60°C and with flow capacity of up to 
200 m3/h. The water temperature is sufficient to be used for heating 
purposes. The analysis of physico-chemical properties of the Lower 
Jurassic water occurring around Gostynin showed that, according 
to the assessment criteria of natural medical resources [69], there 
are grounds to class this type of water as specific mineral. This type 
of water is characterised by high mineralisation, temperature above 
20°C and having an iodine content exceeding 1 mg/dm?. The local 
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Fig. 14. Planned and currently constructed sites using geothermal energy (own data 
based on Refs. [64-72]). 


authorities of Gostynin prepared plans to set up the Multi-Regional 
Centre for Tourism, Leisure and Recreation. The Centre will provide 
medical services [69,70]. 

In the middle of 2011 a range of thermal swimming pools in 
the area of Podhale will be extended by the construction of a new 
centre in Białka Tatrzańska - “Thermal Swimming Pool Bania”. An 
area of 10,000 m? will contain leisure pools for adults and children 
(with a specially designated zone for the youngest ones), a loud 
zone with water slides, a quiet zone (relaxation pools), a saunarium 
zone (consisting of five saunas, including an outdoor one “Bania”) 
[71]. 

In the near future, the capital of Poland - Warsaw - will also 
benefit from geothermal heat. In the nearby town of Piaseczno 
water from the bore-hole Piaseczno GT-1, at a temperature of 50°C, 
will be used for heating swimming pools and for the underfloor 
heating systems of the Warsaw Thermal Pools. It is planned to use 
geothermal water in stepped falls as cooled down water from the 
Warsaw Thermal Pools is to be directed to the Geothermal Plant, 
where in heat exchangers it will give up its heat to the water cir- 
culating in the network. The network water will become the lower 
heat source for a heat pump and its temperature will increase to 
59°C. The returning network water of temperature of 36°C will 
be cooled down to 20°C and then directed to a pressing well 
[72]. 

It is planned to use heat pumps for recovering waste heat from 
industrial factories and power plants in Poland. For example, in 
the area of Konin there are lakes which receive hot water from 
brown coal power plants, due to which they never freeze and could 
successfully be used as a lower heat source for heat pumps. The 
Patnowskie Lake in Konin hosts the only winter sailing competition 
in Poland known as the Barborka Winter Regatta [73]. 

In Poland, where the energy sector relies heavily on hard and 
brown coal, there is a need to drain water from deep mines 
(hard coal) and strip mines (brown coal) [74]. The temperature of 
mine water remains virtually constant throughout the year ranging 
between 11 and 19°C. For example, a study carried out by the Pol- 
ish Academy of Sciences [75] suggests potential uses of mine water 
for the hard coal mine piast (KWK Piast). 

An interest in geothermal energy of low enthalpy has been 
growing in Poland with every year. In the coming years heat pumps 
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will be installed in housing and office buildings as well as in public 
use buildings (mostly newly built) [76]. 


7. Summary 


Poland features large resources of geothermal energy that could 
be directly used, especially in a widely understood heating sector 
(geothermal heat plants, heat pumps). 

However, despite a promising resource base and a great interest 
among prospective investors and customers, the development of 
geothermal energy in Poland is limited by the following barriers: 


e legal regulations and financial conditions that are adverse to 
investment, 

e long and complicated legal and administrative procedures (which 
result in delaying the release of means, loss of their value and 
discouraging investors), 

e the lack of sufficient incentives and economic instruments, 

e the lack of “green certificates” for geothermal heat, 

e high investment costs, and 

e low awareness of geothermal energy in the society. 


Poland is facing a great challenge to overcome the above obsta- 
cles. The development of geothermal power [77], solar power [78], 
wind power [79], hydro-power [80] and bioenergy [81] engineering 
will facilitate Poland’s energy independence and ultimately lower 
the cost of heat and electric power for customers. 
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